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Ahsirael  —  ficmopoielie  eflccls  of  ilie  reiieiilocndoihelial  agent  gUican  were  assayed  in  normal  mice  and  In 
nikv  hemopoielieally  depleied  hy  cspoMirc  (o  (“Jt'o  radiation.  In  normal  mice,  gluean  administration 
iiK  UMM'd  the  content  of  bone  marrow  and  splenic  transplantable  pinripotent  hemopoietic  stem  cells  (C’l’U-s), 
coniiniticd  .crannlocyte-macropliage  progs'iiiior  cells  ((iM-C'l-'C),  and  pure  macrophage  progenitor  cells  (M- 
r  I  Cl,  1  rsihivud  progenitor  cells  (C‘I  U-e)  were  increased  only  in  the  spleen.  In  snblethally  irradiated  mice 
ihsp  rtids).  gincan  inerciised  the  mnnber  of  endogenous  pinripotent  hemopoietic  stem  cells  (E-CFU)  when 
avlininisiercil  eitliei  before  or  after  irrailiation.  The  most  pronounced  effects  were  observed  when  gliiean  was 
.nlnnnisiercd  I  day  before.  1  h  before,  or  I  h  after  irradiation.  In  addition,  the  administration  of  gincan 
I'cii're  lethal  iirtidiation  (900  rads)  enhanced  survival.  The  most  significant  results  were  seen  w  hen  gincan  was 
.klnntnsicicd  I  day  prior  to  irradiatimt.  1  he  possibility  of  using  agents  such  as  gitican  to  enhance  heitiopoieiic 
iccv'iisiiuiiion  ,ind  present  'cpiicetnia  following  chemotherapy  and/or  radiotherapy  is  discusse^., 
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>- 

o 
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<dit..iii,  .t  IM..)  polygliic’osc.  has  beett  shown  to 
ttioditlatrf  tciiciiU>cndoihelial  iiinl  itntntttic  n-spottscs. 
I  ot  iiisiance.  it  has  beett  shosvtt  that  macrophage 
pti'lifci.tin'n,  phagocytosis.  adhereitce,  and 
Issii/Mtic  ssttihesis  as  well  as  primary  and  seeotidary 
antibody  tespottscs,  eell-meili;tted  immune 
ics|iot'se',  atiii-iitmor  responses,  and  aitti-baeterial. 
Utngal.  siral,  atul  -parasitic  tespottscs  are  enhanced 
followtttg  chtcatt  adtninistraiii'n  (Riggi  <!i:  l)il  tt/io, 
I'lf'l.  W'oi'les  i*c  [)il  ii/io.  I9fi,f;  l)il  ii/io,  1967; 
Dll  u/io.  I’is.iiio  Saba,  I97();  Kokosis,  Williams, 
t  ook  \  Dil  ii/io.  I97S;  Dil.ti/io,  W  illiams, 
\lc\aincc,  l  ilwarils  Kilahania.  197^9;  Reynolds, 
k.is'clio.  llairincii'it,  Crahlis,  I’elers,  .lemski,  .Scott 
\  Dil  u.'io.  |9Si);  (\)ok,  Holbrook  <Ji;  f’arker,  1980; 
Dll  11/10,  |sisl|.  In  addition,  gluean  htts  been  shown 
to  .liter  hemopoietic  proliferation  and 
ililteiei'ikiiioii.  S[iecificalh .  increased  numbers  of 
not  onl\  ci.iinih'cyic-macroph.ige  (CiM-(T'C).  inire 
rii.iciopli.iLe  i\l-lT('),  and  eiMliroid  (CfU-e  and 
HI  I  c)  pioecinlor  cell'  but  also  pitiripsiteiit 
heiiiop.nctk  siciM  cells  lli.il  vise  rise  to  tl.tese 
pn'ccnn'is  i(  I  I'-S)  ha\e  been  obstrsed  following 
eiik.iTi  adinini-, nation  (Hiiigalcla  kk:  Ciolde,  1977; 
l’,il,.heii  >V  I  ot/osa.  198(1;  I’.iichcn  sk;  MaeN'ittie. 


I98?a).  The  mtillipic  cITccls  of  gluean  on  the 
reliettloendoihelial,  immune,  and  hemopoietic 
systems  thus  make  gluean  an  intriguing  candidate  for 
Ihcrapculie  u.sc  in  instances  of  radiation-induced 
and/or  chemical-induced  hemopoietic  and  immune 
depression. 

The  purposes  of  this  study  were  to  (a)  delineate  the 
temporal  hemopoietic  rcspon.ses  elicited  by  a  gluean 
dose  known  to  stimulate  reticuloendothelial  and 
immune  responses  in  normal  mice,  (b)  determine  the 
feasibility  of  using  gluean  to  enhance  recovery  from 
radiation-induced  hemopoietic  depletion,  and  (c) 
determine  the  feasibility  of  using  gluean  to  enhance 
survival  in  iirudiatcd  mice. 


KXPKRIMKNTAI.  PKOCF.DURKS 


\IUv 

In  all  cxperimetits,  10-  12  week  old  female  C,,H/ 
HeN  mice  (Charles  River  Laboratories, 
Willinington.  .MA)  were  used.  Animals  were 
maintained  on  a  6  a.m.  to  6  p.ni.  light  -  dark  cycle. 
Wayne  Lab  Hlo.x  and  hyperchlorinatcd  water  were 
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a\ailuhk‘  mi  IthiiiiMi.  All  niico  wore  quaruiuiiied  iitul 
aooliinatoU  to  laboratory  ooniiitions  I'or  nt  least  2 
wcck\  boloro  csperiiucittation.  During  this  lime,  the 
inioo  were  esamined  and  I'oiind  to  be  Tree  of  lesions 
ol  itiiirine  pneumonia  eomplex  and  oropharyngeal 
/‘M'DiUmionm  sp, 

(Ituivn 

Partieiilate,  endotoNin-lree  gluean  (gluean-P)  was 
obtained  I'rom  Dr.  N.  R.  Dil.uzio  (Titlanc  University 
Stliool  of  Medicine,  New  Orleans,  LA)  and  was 
prepared  according  to  DiLn/io’s  modification 
iDil  n/io  «•/  ul..  It)7'))  of  Hassid’s  original  procedure 
( Hassid,  Joslyn  McCrciidy,  1941).  Sterile  saline 
was  Used  t('  dilute  glucan-P  to  either  3.0  mg  or  0.8 
ing  per  ml.  .Mice  were  then  i.v .  injected  via  the  lateral 
tail  veins  with  a  0.5  ml  volume  of  the  gluean 
picparations  \ielding  either  1.5  mg  or  0.4  mg  per 
mouse.  Normal  control  mice  (not  irrailiatcd  and  not 
glue.iiiiuatcd)  ;ind  rtidialioii  control  mice 
iiit.idiaicil  hut  not  glucan-trcaied)  were  injected  with 
ail  cv|unalcnt  volume  of  sterile  saline. 

(  fli  \.'('/i<7iv/(iriv 

I  .leli  evil  siispeiisioM  icpicseiitcil  the  pool  of 
ii'sues  iMin  ihice  mive  Cells  were  I'lushed  funn 
'eiuiii'  wiih  ml  vil  Ihmk's  llaltincevi  Salt  .Solution 
(llH'sSt  eoiiiainii.g  5"o  lieaMiiiieiivaicd  fcttil  bovine 
serum  (I III  US).  Spleens  were  pressed  through  a 
stamicss-steci  mesh  screen,  and  the  cells  were  washed 
fiom  the  screen  with  6  ml  vif  IIIJSS  plus  5®/o  HII'DS. 

I  lie  total  tuimhcr  of  mieleateil  cells  in  each 
s'l'pensiou  was  deicmiined  bv  countitig  the  cells  on  a 
Ik  iuoevtometei . 

lirjdHiiion 

Hil.iieial  loial-hoily  irravliaiivin  administered  from 
ilie  M  RRI  '"'Co  soiiiee  .It  a  ilose  rtue  of  40  tails/min 
w.is  iiscil  in  all  liidiaiivui  evpeinnents, 

S/'/cin  o’/iifiv-fonniri,u  unit  (CI  U)  assays 

Spleen  colons -l<irmm,c  units  (Cl  II)  have  been 
shown  to  aiise  I  torn  the  clonal  proliferation  of 
piniipiiient  hcmo[uileiie  stem  cells.  l-\ogenous 
spleen  colons -lot riling  units  (Cl  IJ-s)  were  evaluated 
In  the  method  of  I  ill.V  MeCulloeli  (1961).  Keeipient 
iitke  weie  esiiosed  lo  ‘«l(i  rads  of  total-body 
i:  i.uh.itior.  m  oidei  to  eonipleicly  eradicate 
.■•iilog,  nous  hemopoietic  'lem  cells.  I  hree  to  5  h 
hoci.  '  ■  III'  hi'iie  mai  U'w  or  5  •  It)' spleen  cells 
"en  :  iiiiecied  int,'  ihe  iiraditued  recipients,  len 

l.i's  .itiei  iransphiiii.tlion,  the  leeipients  were 


euthanized  and  their  .spleens  removed.  The  spleens 
were  fixed  in  Bouin's  .solution,  and  the  number  of 
grossly  visible  spleen  colonies  were  counted. 
Endogenous  spleen  colony-forming  units  (E-CFU) 
were  also  evaluated  by  a  method  of  Till  &.  McCulloch 
(1963).  Mice  were  exposed  to  a  650  rads  dose  of 
totabbody  irradiation  in  order  to  only  partially 
oblate  endogenous  hemopoietic  stem  cells.  Ten  days 
after  irradiation,  the  spleens  were  removed  and  fixed 
in  Bonin’s  solution.  Then  the  spleen  colonies  formed 
by  the  proliferation  of  surviving  endogenous 
hemopoietic  cells  were  counted. 

Graniilmyie-macrophage  cnlony-forming  cell  (GM- 
CrCl  anti  macrophage  colony-forming  cell  (M-CFC) 
assays 

Hemopoietic  progenitor  cells  committed  to  the 
granulocyte-macrophage  lineage  (GM-CI’C)  were 
as.sayed  by  MaeVittie's  modification  (1979)  of  the 
semi-solid  agar  technique  originally  described  by- 
Bradley  &  Metcalf  (1966)  and  I’luznik  &  .Sachs 
(1965).  The  upper  agar-medium  mixture  for  cell 
suspensions  consisted  of  equal  volumes  of  ((.bb^/o 
agar  and  double-strength  supplemented  CMRl,  1066 
medium.  The  CMRl.  1066  was  supplcmcntctl  -.vith 
final  concentrations  of  10", ii  HII'IIS,  5",'ii  trypiicasc 
.soy  broth,  5"/o  hctit-inactivatcd  horse  scrum, 
antibiotics  and  t  -asparagine  (30  pg/ml).  Hie  agar- 
medium  mixture  for  Ihe  lower  feeder  layer  consisted 
of  equal  volumes  of  l.0"/()  agar  and  supplemented 
double-strength  CMRl,  1066.  Both  pregnant  mouse 
uterine  extract  (PMUE)  (2.5°,'u  v/v)  and  mouse  i  - 
cell-conditioned  medium  (I.CM)  (l3"/n  v/v)  were 
added  to  each  I  ml  feeder  layer  as  sources  of  colony- 
stimulating  activity  (CSA),  Colonies  (>50  cells)  were 
counted  after  10  days  of  incubation  in  a  37®C 
humidified  environment  containing  7.5%  COj. 
Hemopoietic  progenitor  cells  committed  only  to  the 
macrophage  lineage  (M-('l-C)  were  assayed  by  the 
technique  described  by  MacV'ittie  &  Provaznik 
(1978).  Double-layer  tigar  cultures  were  prepared  as 
in  the  GM-CFC  assay  except  that  no  CSA  was 
initially  incorporated  into  feeder  layers.  This  initial 
absence  of  CS.A  eliminated  the  proliferation  of  GM- 
CFC.  Two  days  after  the  cells  were  originally  plated, 
CSA  was  added  by  incorporating  PMUE  and  I.CM 
into  a  mixture  of  suppiemented  CMRL  1066 
containing  a  final  concentration  of  0.33®/o  agar,  and 
pipetting  0.5  ml  of  ihis  mixture  on  lop  of  the 
previously  cultured  cells.  Cultures  were  incubated 
for  an  additional  25  days  at  37'’C  in  a  liumidil'ied 
atmosphere  containing  7.5"o  CO^,  before  scoring 
colony  formation. 
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Siiinuliilcd  Hciiiopaicsis  nnd  Bnhana'd  Survival 


I  fMhroid  iulony-Jonninn  unit  (C/'U-e)  away 
Hone  marrow  and  splenic  hcmopoiciic  progcniior 
colls  commitiod  to  the  crylhroid  lineugo  (CFU-e) 
wcio  assasod  hy  a  modification  of  the  original  Cl  U-e 
plasma  clot  technique  described  hy  Stephenson, 
Aselrad,  Mcl  etHl  &  Shreeve  (1971),  I'ach  ingredient 
vsas  either  reconstituted  or  diluted  with 

supplemented  alpha  medium  (SAM)  (Weinberg, 
McCarthy.  MaeVittie  &  Haunt,  1981).  Hriefly.  to 
make  1  ml  of  the  plasma  clot  suspension,  the 
Itdlouing  were  rni.xed;  I). I  ml  cells  (5  x  IIP 
nucleated  cells),  0.3  ml  HIFUS,  0.1  ml  :5«/r)  beef 
embryo  extract,  0.1  ml  lIPPo  bovine  serum  albumin, 
tt.  I  ml  (0.02  mg)  I -asparagine,  0.1  ml  I0''M  2- 
ruercaptocihanol,  0.1  ml  erythropoietin  (lip),  and 
It.  I  ml  ol  C  bosine  ciliated  plasma.  Irniucdiaicly, 
It  1  ml  I'l  the  misture  was  pipetted  into  each  of  si.x 
micr.'iiicr  well'.  Step  III  anemic  sheep  plasma 
i(  I'lm.mylu  I  abs.  Inc.,  Swiliwarci .  I’.A)  w.is  iisctl  as 
iltc  Miiiicc  ol  l-p.  Hone  luariow  and  splenic  Cl  l.t-c 
viol  su'pcnsions  conrained  lt.2.s  and  O..*!  uniis  lip.^ml. 
ic'pccii'ely.  t  ontrol  clots  coiuaincd  SAM  in  place 
ol  I  ji  Mid  mcubaiion  ai  .i7 '('  in  a  luimidified 
.liiiiosplicic  coinainini'  (  <  >,  in  air  liii  2  ilavs. 
i'l.iMii.i  ilol-.  wcic  li.incsidl,  liscil  willi  .s"ii 
cluici.iklcliydc,  and  siaincd  will]  bcn/idmc  and 
eicni',i  (Mcl  eiul,  Stircevc  vM;  .Aselrad,  1979).  .A 
tile  was  defined  as  an  indisidual  aeniegatc  I'f 
ciclii  Ol  more  bcn/irlinc  irosiii\c  cells. 

Siirxmtl  \iiultc\ 

Mkc  used  in  sunnal  sliidic'  were  exposed  lo  9(X) 
i.ids  .s|  foi.tl  boily  iirailiaiion,  anil  ihcii  suiiival  was 
viie.ked  d.iiK  loi  .1  peitoil  ol  id  days. 

KIM  I  l> 

/ i-ifi.n, ,/,//  /lernopo/e/ri-  i7/i'i  n  iil  lihmiii  I'  iii  iioniuit 

nih  e 

I  ii'iii.'s  I  s  ilhi-.i  I  III,-  tin-  lenipoi.d  eHeeis  of  l.s 
me  ol  i  liK.iii  I'  on  bone  m.niow  ,md  splcnie 
,  ellitl.iMii .  (Its.  t.M  t  I  c  ,  Men,  and  Cl  (1  e 
! espouses  in  noiinal  mice.  1  xecpi  foi  bone  marrow' 

<  I  I  i.  llie  absolalc  luiinbcis  of  ibcse  various 
tiein.'poietie  eleincnis  all  iii,.ieascil  following  glue, in¬ 
i’  .idininisii.iiion  Peak  splenic  responses  weie 
vonsisieniK  ohsened  i  d.iys  after  glnean-P 
i:i-.i!;neiii  I  lie  bone  tuaiiow  Cl  li-s  response  also 
pe.iked  ,'11  il.ii  s  post  iiealtnenl ;  lioweier,  peak 
in.ittow  (l\l  (  If  ,md  M  (  If  responses  tlid  nor 
.',vn:  .null  il.o  II  posi-tie.iimeni,  liie  bone  marrow 
hem, -le! ii  le-poiises  were  al'O  iniielt  less  dramalic 


thun  the  splenic  hcmopoiciic  iespon.scs,  c.g. 
ll5-l35*’/o  of  normal  control  values  in  the  bone 
marrow  vs  270  -  500»/o  of  normal  control  values  in 
the  spleen.  Interestingly,  bone  marrow  Cl  U-c  values 
never  rose  above  normal  control  values  and,  in  fact, 
were  in  most  insiances  lower  than  control  values, 
This  erythropoietic  depression,  however,  was  only 
temporary,  and  by  30  days  post-treatment, 
hematocrit  values  in  gtueau-P-ireaied  mice  had 
returned  to  uoiiual  control  values  (Table  I). 

Glucan-P's  effect  on  enhancing  recovery  front 
radiation-induced  hemopoietic  depletion 
The  cndogencfUi.s  spleen  colony  assay  was  used  to 
screen  gluean-P  for  its  ability  lo  enlianee 
hcmopoiciic  pliiripotcni  stem  cell  recovery  when 
administered  before  or  after  a  licinopoietically 
compromising  do.se  of  irradiation.  Table  2  presents 
data  from  experimeuis  in  wbieli  gliiean-P  was 
admiiiisicied  at  17,  II,  5  and  I  days  or  I  b  before  or 
after  a  650  ratls  dose  of  ’’"Co  irradiation.  Heeuuse  an 
enhanced  I'-CITJ  response  was  aiilicipaied.  bolh  a 
1.5  mg  and  a  0.4  mg  gluean-l*  di>se  were  iiscfl  in 
oidei  to  iiisiire  that  diserele  eoimlable  l  -CI  II 
colonies  could  I'c  obiained.  Ciluean  P  was  ipiile 
efreciive  at  enhancing  Li-CPU  numbers  even  when 
administered  as  long  as  17  days  before  irradiation. 
However,  as  the  interval  between  glnean-P  irentineni 
and  irradiation  was  shorieiied,  ihe  li-CPU  response 
became  more  prononneed,  with  idmosi  etiually 
dramaiie  effects  being  observed  with  gluean-P 
adininisteied  at  cither  I  day  or  I  h  before 
irradiation.  All  bough  not  as  prononneed  as 
preirradiaiion  glnean-P  Irealineiii,  post irradiai ion 
ginean-l’  treatmeni  was  also  finite  effeelive  at 
eiihaneing  li-CPU  eolony  fonnaiion.  In  faei,  gluean- 
P  given  I  h  after  irradiation  was  almost  as  effeelive 
at  enhaneing  li-C’l'U  eolony  formation  as  was 
glnean-P  administered  I  li  before  irradiation. 

(iliiiiin  f's  efteci  on  Mirvival  nf  im/diuted  inUr 
Heeaiise  of  glnean-l’’s  ability  to  enlianee 
liemopoietie  reeovery  wlicn  administered  bolh  before 
and  after  irradiation,  ilic  ability  of  this  agent  to  also 
enlianee  survival  in  otherwise  lelhally  irradiated 
animals  was  nexi  investigated.  Hased  on  tlie  L-CT'LI 
resnlis,  gluean-P  was  adniinisiercd  eitlier  I  day  or 
I  h  before  or  I  h  after  irradiation.  As  illustrated  in 
!  ig.  6.  1 .5  mg  of  glnean-P  administered  1  day  before 
an  oilierwise  leilial  dose  of  irraiiialion  siginfieanily 
enbaneed  snnival.  Thirty  days  postirradialion,  5l"'n 
of  the  1.5-mg  gluean-P-ireaietl  miee  were  alive. 
Alilioiigh  Ihe  protocol  for  these  suidies  ineltided  only 
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Figs  1  -  5.  Temporal  effects  of  glucan-P  on  bone  marrow 
and  splenic  cellularity  (I).  CI  U-s  (2),  GM-CFC  (.1).  M-CFC 
(4),  and  CFU-c  (5)  in  CjH/HeN  mice.  For  each  c.xpcriment, 
data  were  converted  to  percentages  using  normal  control 
values  obtained  in  each  specific  experiment.  Each  data 
point  represents  the  mean  ±  I  S.D.  of  percentages  obtained 
from  three  individual  expcriincnts. 
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(able  I.  MetnaKKrit  valiicsi  in  glucan-P  treated  mice 
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1 

.5  It 

Day  post  glucan-P  treatment 

17  30  60  90 

120 

HeinaisK'iit  sultic 
"»  ist  not  mat  control 

I02t3 

98:t2  83:t3 

H9±4 

9<;±3  101  ±3  100+2 

I02±3 

table  2.  liffect  of  pro-  anil  post-irradiation  glucan-P  treatment  on  E-CI  U 

Pro  650  rads 

Post  650  rads 

I  ime  ol  .eluean-P  1 

7  n 

5  1 

1  h 

1  h  1  5  II 

17 

iiiu’ciit'n  (ilavs) 


1  t  It 

l"»  l.ullilllOII 

..oiitiv'l  value*  1 

11-tini.Mw  174t:‘>  >1±45  VK1±W  54H±M>  539±M)  40S±48  I4I±48 

I  'mein  ;4)  44;-!.45  y'XKIld  150J.tl77  I44«±I74  IJ55±1.'<9  447+95  260+35 


•  K.uliaiioii  eonirol  I'-C'I'L!  values  loi  17,  -11,  5,  -1,  -  lb,  +  Ih,  -f  hand  -t  5  days  were  1. 9+0.2,  2.0+0. 3.  2.1  ±0.4, 

1  '*•11  4.  ;  ;±0.6,  1.7+0, 7,  2. 3+0, 7  and  10.0+1.8.  rcspeelivcly. 

'si't  iiuaiiuilahle  due  to  eonnueni  eoloiiy  griiwih. 


Elfect  at  Preirradiation  (-1  day)  Glucan-P  Treatment 


I  le.  (>  I  Iteeiv  of  iwvi  doves  of  filueaii-r  on  30  das  survival  of  C.II/llcN  niiec  when  injceled  I  day  before  900  rad.s  of 
voO.rli  60  lailialion.  I’eieeni  suivisal  is  based  on  eiiimdalive  data  obtained  from  5-  15  individual  survival  studies. 
K.idiaiion  eoniiol  data  are  based  on  sutsival  of  201  niiee.  1.5  im:  pluean-l’ data  are  based  on  83  tniee,  and  0.4  tii}!  t!lucan-l' 

dat:i  arc  based  on  56  mice. 


.1  111  vl.is  siifsis.il.  49i''n  of  iliese  iriadialesi  mice 
iii-.iied  ssiib  I..*;  iiie  of  jtliieao-l’  asiually  e.sliihilcsl 
loMe-ieriii  sursisal  aiisl  were  iiliimaU'ly  eolltani/ed 
i2  13  mmiihs  .ifier  irraslitiiion,  Hy  eonirasi,  ibe 
Iiuset  II  4  me  eliieaii  I’  diise  ss.is  not  elfeelive  al 


enlianeing  survival  in  similailv  iirailiaietl  niiee. 
Similar  to  radialion  eoolrols,  tuuie  ol  iliese  niiee 
survived  beyond  21  day.s  postirradialion.  I•ii;nte  7 
illustrates  the  survival  effeeis  of  plucan-P 
administered  1  h  before  lethal  irr.uliation.  .As  can  he 
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Mvi'.  MiiMvul  II)  iniic  locciviiij!  0.4  iiij!  ot  t>liicitii-P 
JkI  :ii'i  ilillor  Iroiii  railialinii  L'oiUniK.  Iliiwcvcr, 
'UiMv.il  111  iiiivi.'  rccoisiiij!  iIk'  1.5  inj!  ijliiciin-l’  ilose 
v'.i'  ^llvllll^  |'riiUiii(!v,‘il,  CM'ii  ilioiiL'Ii  li)ii)>'ii.-riii 
'iiiMv.il  tiA'  ?  .'Oiliiysl  was  luM  dirri.M'i.'iil  I'roiii  dial 
vH  i.uliaiii'il  ci'Dirols.  .‘\lllu'ii)ili  1.5  im:  i:hican-l* 
suMiirAiii  Jid  csliihil  some  positin'  clTsvis  on 
suiMv.il  when  adiniiiisicri'd  prior  to  ii railiaiion,  it 
w.iv  luM  eMceiisc  when  iulinini'.k'rcd  tiller  irradiation 
il  iL'iiie  si.  In  laei.  when  tidininisiercd 
i'.wiiiMdi.iiion,  jtliietni  P  tieiiiallv  indiiecd  deaili 
nu'ie  i.ipidU  lhan  in  raditiiion  eoniruls.  I'his  cUVei 
a.a  diAe  depeiiilent,  with  lliehiylK'i  15  mt;  yhiean-l’ 
heme  nioie  delninenial  than  ihe  lower  0.4  inj; 
jhu  III  P  d.ue. 


DIM  I  SMON 

V-'ei.i'  e.ip.ihle  I't  reeiilaiiii);  (ami  in  ptiiliciilar 
'iiimil.iiinei  heniopoieiie  prolileiaiion  and 
vlitleienii.iimn  ;ii  ihe  Nieni  eell  Icsel  hioe  a  vaiieiy  of 
pi'ienii.i!  heiu'iiis  One  Mieh  henel'ii  would  he  to 
Avhue  leili.iiiis  iiiirilniled  to  the  lienuipoielie 
''ndi.nne  lollowine  irrtuliation  and/or 
.  hv  im'theitipv .  Heetnoe  relienloeiKl'Mhelial  and 
.inimine  lecoiktitniii'ii  tire  eritietilK  inipoittint  in 
..'mtMiiiie  the  'eeoiulais  '.epiieeiniti  .issociateil  wiili 


hemopoietic  depiction,  (Hammond,  Tompkins  & 
Miller,  PJ54:  Heiuiccrrul',  IWiO;  CToiikile  &  Uond, 
1060;  Collins,  1070;  Hroerse  &  MaeViiiie,  1084)  we 
specirieally  evaluated  the  heniopoieiie  el'leels  ol’ 
gliican  P  in  the  dose  rantte  dial  has  been  shown  to 
elieii  enliaiieed  reticuloendothelial  and  immune 
responses. 

ihese  studies  have  clearly  denumsirated  several 
elTecis  of  glucan-P  on  norn:nl  murine  hemopoiesis 
and  on  hemopoiesis  and  survival  in  irrtidiated  mice, 
hirst,  our  results  concernint’,  the  leinportil  effects  of 
1.5  me  of  glucan-P  on  splenic  and  bone  marrow 
Clll-s.  CiM-C'I'C,  M-CI'C  and  CTU-e  clearly 
confirm  previous  studies  suggesting  that  particulate 
glucan,  in  a  dose-dependeni  manner,  can  enhance 
hemopoiesis  in  normal  mice  (Uurgaleta  &  (loldc, 
1077;  Paichen  &  l.oi/ova,  1980;  Patchen  & 
MacVitiie,  1083a, b).  In  the  studies  presented  here, 
stem  tind  progenitor  cell  hemopoietic  responses  were 
evident  as  early  as  I  day  post  glucan-P  treatment, 
usually  peaked  on  days  5  -11  post-treatment,  and 
had  either  returned  to  or  were  declining  toward 
normal  control  values  by  17  days  post-treatment. 
Hone  marrow  erythropoiesis  was  the  only 
hemopoietic  response  not  enhanced.  However,  the 
tremendous  increase  in  splenic  erythropoiesis 
apparently  compensated  for  the  decreased  bone 
marrow  erythropoiesis,  since  only  a  transient  anemia 
was  app.irent  in  gliican-P-ireaied  mice. 


Effect  of  Preirradistion  1-1  hour)  Glucan-P  Treatment 


I  II'  I  ItaiMil  iwiuluM'Mil  iihieaii  l’ oil  .V)  day  survival  of  C,H/HcN  mice  when  injected  I  li  before  900 rads  of  cobah- 
wi  i.uli.iiion  I’ei.eni  Mimsal  o  based  on  einmilaiive  data  obtained  from  4-  15  individual  survival  studies.  Radiation 
.'■m.';  Oat.,  are  b.oed  on  Mosi,;,!  ol  :(ll  iiiiee.  1.5  mg  glucan-P  data  arc  based  on  59  mice,  and  0.4  mg  gluean-P  data  arc 

based  on  54  mice. 
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Effiei  ol  Poilirradlatian  kl  hour)  Gluean-P  Trtilmtnt 


I  ic  s  1  I  liviv  of  iwo  ilo'.c>  I'f  i:lik'an-l’  on  .'0  il;iy  survival  of  C1H/H0N  mice  when  injccicd  I  h  after  ‘XX)  rails  of  cobtili-W) 
i.uli.iiion,  I’ciccni  sursival  is  basal  on  cumulaiisc  data  obtained  from  3-15  individual  survival  studies.  Radiation  control 
d.ii.i  .nv  b.oal  on  sursisal  ol  301  mice.  1.5  1114:  ylucan-l’  data  are  based  on  67  mice,  and  0.4  mtt  pluean-P  dalti  are  based  on 

30  mice. 


''Cvoiid.  the  ability  ol  jtltictiii-l’  to  ciiliance 
licin.'poiciic  nvoseiy  in  irriiiljaicil  inicc  was  also 
>lcmonstiaial.  In  pariictilar,  it  was  shown  that 
clncan  I’  sould  siunifictinily  increase  pluripotcni 
hemopoietic  stem  cell  nninbers  (as  iTieasurcd  by  ihc 
i  •(  M  assay)  in  partially  hcinopoiciically  depleted 
mice  It  miected  either  before  or  jifter  irradiation.  The 
iiii'si  di.iinaiic  incieases  ueie  obsersed  with  j’lneiin-P 
.iilniinisieied  eilhci  I  d.iv  beloie,  I  h  befoie.  01  I  li 
.iliet  iii.idiaiion.  In  any  eisen  espeiimeni,  plucan-l’ 
itc.iinient  I  das  before  nr. idi.nion  vstis  slij'hllv  more 
eiih.iii.  ine  than  ire.itmeni  I  h  beloie  irrtidiaiion.  and 
'le.iiMuiil  I  li  beloie  ii  1  .kIihI ion  ssas  sliehiK  iiioie 
eiilMiMiie  :h,ni  lie.ilmenl  I  li  allei  iiraili.iiion. 

IiimIIs,  ihc  l.icl  that  l'Iuc.iii-I’  ailminisiiation 
soiii.l  sienilie.inlls  influence  snrsisal  lollossiiip 
liieliei  (lelh.i!)  doses  ol  ni.idialii'ii  ssas  alss> 
slenioiisiialesl.  Specilicalls .  I  s  nie  ol  eluean-l’, 
.iilmiiiisieiesi  1  J.is  beloie  11 1  .uli.iiion,  siL’iiifieaui o 
III  te.ised  lone  ter  111  siirs  is  al  1  i.e,  >  .1(1  days),  anil  the 
'.line  ilose  ol  eliicaii  I’  admiiiislered  I  h  befoie 
ni.isliaiion  imiteinalls  incie.ised  shotl  lerin  survival 
III  ■  h)  days)  llosscsi'i.  sslien  yhiean-P  was 
iiiieiiesl  1  li  post  iiiaili.ii ion.  not  only  was  survival 
ii.'i  ii'.ie.ised.  I'lii  II  aciii.ills  ilecie.ised  eompareil  to 
1 .1.1  i.il  II  ni  1 1  sill  1  ols. 

t'sei  ilii  yeais  .i  saiiciy  ol  other  stibslaitces  base 
..Is,’  been  sliossn  os  .ihei  snisisal  in  irradiiileil  mice 
is.i;iiib,  Sninli,  \ialiesss  .V  i  lieiiaii.  I')^<;  .Sntilh. 


Alderman  &  Gillespie.  1957;  Hogjis,  Marsh. 
Chervcnick.  Cariwrighl  &  Winirobe.  I%R:  Mori  & 
Nakamura.  I‘>70).  The  substances  used  have  been  as 
diverse  as  ground  glass,  carbon  particles,  non-species 
related  scrum,  and  endoto.xin.  Almost  all  these 
substances  produced  the  best  “radioprotective" 
cITect  in  mice  when  administered  I  day  before 
irradiation.  However,  in  addition  to  Ihc  liming  of  the 
iniection,  the  route  of  injeciion  was  tilso  shown  to 
influence  survival  results.  The  survival  rcstilis  wc 
have  obtained  with  i.v.  I  day  glucan-l' 
tidminisiraiion  in  general,  corrchilc  with  previous 
studies  uHli/ing  various  oihci  intiiivcnoiislv 
admiiiisicicd  subslanccs.  I  vcii  wiih  ics|icci  10  posi- 
irradialion  glucan-l’  treatment  decicasine  suivival 
(rather  than  increasing  or  not  clttinitiiig  survival),  a 
similar  phenomenon  has  been  observed  with  posi 
irradiation  i.v.  injectioti  of  eiulotosin.  I'or  evainple, 
il  either  ghic;ui-l’  or  endotosin  tire  injected  into  mice 
2  .3  days  after  ‘XK)  rads  of  ii  l.•lllialion,  all  tinimtils 

die  almost  immedititely  (Smith  iv  <//.  I‘J57;  I’tiiehen, 
ttnpublished  observatiotts).  Since  our  glui'aii-l’ 
preparaliott  was  endotovin-free  (tis  determitted  by 
the  I.imuliis  l.y.sate  proeeduie).  our  decreased 
survivtil  eoiild  not  htive  bev  n  .lue  to  envloiovin 
eontamiinition  in  our  ghietin  1’.  Kailier,  we  suspect 
that  the  decreased  survival  seen  with  post-iritidiaiion 
administration  of  gluean-P  and  einlotoxin  is  a  more 
general  I'lienomenon  pri'btibly  indiieible  by  01  her 


6  Copy 


Best  Availabl, 


M.  1  .  I’Mt'iii  N  !iml  T.  .1.  MAt  Vrmn 


iiyciiis  as  ltili’i\‘siiM|;l\ ,  wo  havo  also  hccn 
w\<ikin>!  with  a  diHcrcnl  sluciin  piciiaraiion  (gitican- 
I  ,  a  soluble  ll-l,  y  glucan),  which  is  capable  of 
proiluciiig  the  same  ilramalic  survival-enhancing 
effects  as  glucan-l’  or  ettdoloxin  when  administered 
I  da>  before  irradiation,  btit  does  not  decrease 
'iir\ i\al  (atid,  iti  lact,  is  eveti  slightly  radioproleciivc) 
when  administered  after  irradiation  (I'atehen  cl  at., 
impublished  restilts).  Studies  to  further  evaluate  the 
mechanisms  of  the  differential  effects  of  pre-  and 
post-iriailiatioti  ghic:m-l’  treiiimcnts  im  survival  are 
cmrently  being  comlucted  in  our  laboratory. 

■\  variety  of  mechiinisins  httve  lieen  hypothesized 
to  esplain  the  capabilities  of  numcious 
■•lailioprotective”  tieents  (e.g.  ground  glass,  carbon 
I'aiticles,  etidotosin.  etc.).  Most  ot  these  agents  are 
"ladiopiotective”  only  in  the  licmopoietie  syndrome 
ladiatiim  dose  range.  I'hns,  it  is  not  surprising  that 
hentopoietic  protection  aiul.'or  enhanced 
liemopoietic  reconstitution  followed  bv  enhanced 
(CNisiance  to  endogenous  pathogens  have  been  shown 
to  ocvin  following  adminisiiation  of  these  agents. 
Since  the  l-.-C'l  U  assay  ineasuies  post -irradiation 
lecove.'v  of  endogenous  phiripoient  hemopoietic 
stem  cells  ti  e.  the  cells  fioin  which  all  oihei  mature 
veils  compiising  the  blood,  iininnne.  and 
iciicnlocndothcliiil  systems  nitim.itely  arise),  a  direct 
coiiclaiivm  has  been  suggested  between  an  agent’s 
licnii'in'ictic  enhancing  imtetitial  (as  measured  by  the 
I  <  1 1  i  assay)  and  its  snivival-enhaticing  potential  in 
the  hcnntp(>ielic  syndiome  rtiilialimi  viose  range 
tSmith,  Dudd  vV  I'ornfield,  l%b;  Kitinainon, 
Kctierling,  Si,nnpfli  ik:  (lientm.  I‘)8()).  based  on  the 
vlillciciKCs  we  obsciscil  in  I' fill  nninbeis  and 
sill  s  IV ,il  vlat.i  pi odiiccil  bs  I  dav .  I  b,  and  '  I  b 
cluc.in  l’  iicatincin.  oni  vl.ii.i  also  seem  to  suggest 
siivh  .1  eoMclaiuni.  Ilowever,  in  spite  ot  the  fact  th.it 
I  d.iv  I'liieaii  I’  licMied  mice  dni  esinl'il  slightly 
liigtici  eiidogciuuis  licmopoietie  sieni  cell  numbers 
’ll  111  I  li  gliiean  I’ lie.ued  iiiiee.  and  I  h  ginean 
I’  ire.neil  mice  dul  exhibit  sliglnly  highei  endogenous 
tieiriopv'ielie  sieni  cell  iiiiinbeis  iti.in  *  I  h  gincan-l’ 
iie.ited  nnee,  all  iliiee  iie.niiiein  gioiips  eshibiievl 
estieniels  elev.itevi  I  111  iininbeis.  1  Ims,  it  seems 
iiiililvelv  iluil  the  siiiMval  elTeets  imlueed  by  these 
iliiec  ginean  !’  iieatinents  would  be  so  different  if 
iiivie.isevl  pliiiipoteiu  heinopoielie  stem  cell  nnmbeis 
tim/ii'  weie  lespoiisihle  loi  eiilianeevi  survival, 
liisie.id.  It  111. IV  I'e  posvihle  lli.n  in  mice  lie.iled  with 


gltiean-l’  I  day  before  irradiation,  phiripoient 
hemopoietic  stem  cells  httve  enough  of  an 
opportunity  to  not  only  proliferate,  but  also  to 
differentiate  into  progenitors  capable  of  giving  rise 
to  the  mature  functional  elements  of  the 
reticuloendothelial  and  immune  systems  necessary  to 
x’ontend  with  the  surgence  of  endogenous  pathogens 
that  secondarily  induce  death  10-20  days  post- 
irradiation  in  the  900  rads  dose  range  (Hammond  cl 
at.,  1954;  Henacerrtif,  I960;  (’ronkite  it  Bond,  I960; 
Collins.  1979;  Broersc  it  MacViitie,  1984),  In  fact,  it 
has  been  shown  that  recovery  of  the  differentiitted 
progenitor  cells  that  do  give  rise  to  granulocytes  and 
macrophages  is  more  accelerated  in  mice  treated  with 
glucan-P  I  day  before  irradiation  than  in  mice 
treated  with  glucan-l’  just  1  h  before  or  1  h  after 
irrtidiation  (Ptitchcn.  198.1;  Paichen,  MacVittic  it 
Wat  hen,  in  press). 

In  spite  of  the  uncertainties  concerning  the 
mechanisms  by  which  glucan-P  mediates  its  effects, 
it  is  tippareni  tluit  glucan-P  is  a  potent  hemopoietic 
stinnilani  in  normal  mice  and  in  ladltiiion-depletcd 
mice  and  that  gluctin-P  administered  I  day  prior  to 
otherwise  lethal  radiation  in  the  hctnopoietic 
syndrome  dose  range  ctm  significantly  enhttnee 
survival.  In  nihliiion.  when  compiired  to  other 
historical  '‘radioprotcctors",  glucan-P  has  the 
advantages  of  beitig  nontoxic,  nonpyrogcnic,  and 
ultimately  it  ctm  be  tnciaboli/cd  to  glucose  and 
mili/cd  nulriliontilly  as  a  food  sotirce  (l)il  ti/io, 
1 98.1), 

Cihican-P’s  hemopoietic  itnd  survival-enhancing 
capabilities,  coupled  with  its  ability  to 
nonspecifically  stimuhiie  resistance  to  ;i  vtiriety  of 
b.icieiiiil.  viral,  aiul  fiingtil  infections  mtike  glucan-P 
a  primary  ctindidate  lor  usc  in  Instances  of  rtidialioii- 
induced  and.'or  chcmic.il-induccil  lile-thretiicning 
lienu'poiel ic  ilefilei  ion . 


•ti  (riiiii/i-f/vcniivuv  -  I  III'  iiiiiluus  tick  now  Icitge  llu' 
CSm'IIcIU  U’cllllii  ,ll  llvslvl.llliv  I'f  Iticilvin  w  .llklllv  .lllvl  lllllH'v 
yiklllM'll  .liul  llic  I'SCl'IlcllI  I'vIllOlilll  iiikI  Ivpilll’  vkillv  ot 
tiiiiiiti  V.m  Di'iiM'ii  .iiul  Viloii.i  r  Diiiii'iiiv. 

Sup|ivii  li'il  l>v  Ariiii’it  l-vvici'i  Riulioliiologv  KiMMicti 
Inviiuilc.  tV’teiiso  NiicIimi  .Xgi'iicy ,  iiiulci  Rcvciiicti  Work 
t  MU  \ I  t  nut  '3.  I  lie  V levvv  pieseiileil  in  lliis  piipei  aie  iln'sv' 
ot  ilie  Miuliv'is;  no  eiuloiseiiieiil  In  ilie  Deteine  Niiile;ii 
.-Xeency  tins  I'eeii  given  oi  slioiitil  he  inteiievl. 
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